Abstract. The Yellow Sea is a shallow basin with an average depth of 44 m located between China_and the Korean Peninsula.
1
' F: I water mass intrudes into the Yellow Sea as far as 34°N [Hsueh, 1988; Liu et aI., 1992] , while studies examining only the current velocities have concluded that the winter NE monsoon drives a southward coastal current that is balanced by a northward Bow in the Yellow Sea basin, i.e., the interior portion of the Yellow Sea [Haueh and Yuan, 1997] that can reach the Bohai Sea. In summer the water mass does not penetrate into the Yellow Sea basin [Park, 1986] . The dynamic properties of the summer, northward current have been attributed to a horizontal gradient of density, implying geostrophic Bow [Lie, 1986] . In this paper the effect of the wind on the water mass intrusion and the Bow of the Yellow Sea Warm Current is investigated using a numerical ocean model. Numerical ocean models can be useful tools, providing insight to the dynamics and thermodynamics of a region where data are scarce. The Yellow Sea is one such region. Even though many oceanic observations in the Yellow Sea have been undertaken, most of these studies result in time series less than a half a year in length. Long time series are particularly difficult to obtain in the Yellow Sea because of the intense fishing there. Many moorings placed in the Yellow and East China Seas have been damaged or recovered by fishing nets. Thus limited verification data are available to improve models. Among the m~t important data for the modeling of shallow seas are measurements of bottom topography, winds, and heat Buxes. This statement is particularly true for the Yellow Sea, which is shallow enough that during winter, when the winds are strong, the region becomes well mixed from the surface to the bottom. The model used is described in the following section. The next section presents the basic model results. Section 3 discusses the extent of the intrusion of the modeled Yellow Sea Warm Current, which is followed by a discussion of the relationship between the wind and the Yellow Sea Warm Current based on spectrum analysis. The final section presents the conclusions, which indicate that the wind is not the only strong infiuence on the Yellow Sea Warm Current. Yuan and Su [1984] ), for (left) winter and (right) summer: 1, Kuroshio; 2, Kuroshio Countercurrent; 3, Tsushima Warm Current; 4, Yellow Sea Wann Current; 5, Taiwan Warm Current; 6, Yellow Sea Coastal Current; 7, Taiwan Coast.&l Current; 8, Korean Coastal Current; 9, Yellow Sea Cold Water; and 10, Cheju Cyclonic Gyre.
2. Model Su, 1984] . The Yellow Sea Warm Current ftows northward following topographic contours, through the central part of the Yellow Sea basin, and has a maximum speed of about 0.25 m/s [Fairbridge, 1966] .
There are also several significant cool currents. The Yellow Sea Cold Water is a water mass that is formed in the winter owing to strong vertical mixing. In the summer this water mass ftows southward under the thermocline [Park, 19861 . The Yellow Sea Coastal Current ftows southward along the China coast year round. The Zhejiang-Fujian Coastal Current hugs the coast of China from the Yangtze River southward and exits through the Taiwan Strait. The Korean Coastal Current ftows southward along the western side of Korea and then ftows along the southern edge of the Korean Peninsula, exiting through the Korea Strait. For details, see Zheng and Klema6 [1982] and Lie [1986] .
The impingement of the Kuroshio on the East China Sea is an important aspect of the regional dynamics. This ~tem boundary current dominates the oceanography of the East China Sea. The Kuroshio also has a large impact on the Yellow Sea, since the complicated shelf topography of the East China Sea promotes the branching of smaller currents. from the Kuroshio [H6Ueh et aI., 1996; Yuan et al., 1986] . These smaller currents are some of the most interesting and difficult aspects of the Yellow Sea to model. The least und~tood of these currents is the Yellow Sea Warm Current.
In previous literature the Yellow Sea Warm Current is defined both by its dynamic properties (velocity) or its thermodynamic properties (water mass). When the position of the water mass is compared with that of the velocities, coDBicting patterns can occur, suggesting an interference by an external force. In winter the The ocean model used in this study is a time-dependent, three-dimensional, primitive equation, sigma coordinate model, originally developed by Blumberg and M ellor [1981J at Princeton University, and is commonly referred to 88 the Princeton Ocean Model (POM) [Mellor, 1996J . The particular ~ersion used here contains a modified mixed layer 88 defined by K antha and Clayson [1994J.
The Yellow Sea model uses a rectilinear grid (Figure 2) that has a horizontal resolution of 25 kin at its southernmost grid point (21.89°N, 122.44°E) and increases to 8 kin at its northernmost grid point (42.54°N, 122.801°E) and. has 24 sigma levels in the vertical.
There are fout open boundaries, one each north and south .of Taiwan and one each north and south of Kyushu, Japan. At each of these boundaries the temperature, salinity, and velocities are prescribed. At boundary A, the Taiwan Strait, the temperature and salinity are prescribed as seasonal profiles that are linearly interpolated &0 each model time step, and the vol1ime transport is aISUmed to be 1 Sv (Sv = lxlot m'/s) less than that through boundary C, the Tsushima (Korea) Strait. At boundary B, aouth of Taiwan, winter and 8',mmer temperature and salinity profiles are linearly interpolated to each model time step, and the transports are geostrophically balanced inSows that are adjusted until the depth-integrated velocities yield a transport of 23 Sv. At boundary C, if Bow is into the Yellow Sea region, monthly profiles of temperature and salinity are linearly interpolated to each model time step, and the outBa.' velocity '9a1ues applied at the boundary are seasonal with '9a1uea between 2 and 4 Sv. At boundary D, the Tokara Strait, Japan, the conditioDS are the same as for boundary B, except that the transport is 22 Sv.
The offshore boundary is a closed boundary, assuming a negligible exchange of the mass and momentum across the boundary. The model bottom topography for the Yellow Sea region ( Figure 3 ) is &om the digital bathymetric data base 5 (DBDB5) of the Naval Oceanographic Office (NAV-OCEANO). This bottom topography has a maximum depth of 2000 m and has been smoothed so that the sigma ooordinate syst~ does not cause spurious currents in the region of steep topographic gradients.
There are four rivers included in the model: the Yangtze, Yellow, Liaohe, and Han. The outflow from each river is defined as the monthly mean supplied by the World Meteorological Organization's (WMO) version of the United Nations Educational, Scientific and Cultural Organization's (UNESCO) river discharge data, except for the Liaohe, which is approximated as one sixth the value of the Yellow River. The Yangtze is by far the largest, with a yearly average flow rate of 2.9x1Q4 m3/s and a maximum flow rate of 5.4x1Q4 m3/s in July. The Yellow is the second largest, with a yearly averaged flow rate of 1.6x103 m3/s and a maximum flow rate of4.4x103 m3/s in September. The Liaohe and Han have averaged yearly flow rates of about 250 m3/s and maxima of less than 750 m3/s.
Except for the open boundaries, NAYOCEANO's January oceanic climatology for temperature and salinity is used for the initial condition over the entire region. The surface temperature climatology ranges from approximately 4°C in the Bow Sea to approximately 24°C south of Taiwan. The surface salinity climatology ranges from approximately 29 parts per thousand (ppt) in the western comer of the Bow Sea to approximately 35 ppt in the southern portion of the East China Sea. For the temperature climatologies the value at a given location is the same from the surface to the bottom of the water column in the Bow and Yellow Sea basins, which is reasonable since in winter the water column is vertically mixed to the bottom. In the East China Sea, however, the initial temperature profile varies at depths greater than 100 m. The temperature contours lie almost east to west, running nearly parallel to the mouth of the Yellow Sea. The salinity climatology is predominantly uniform from top to bottom in the Bohai and Yellow Sea basins; however, there is variation with depth around Kyushu, Japa,n, along the Chinese coast south of the Yangtze River, and in the deep portions of the East China Sea. The horizontal salinity contours are aligned in an east-west direction in the East China Sea, but they are oriented more north-south in the Yellow Sea, with the higher salinities on the Korean side of the basin. Atmospheric fo!cing (air temperature, wind stress, and vapor pressure) is from the NavY Operational Global Atmospheric Prediction System (NOGAPS) 1.25° x 1.25°model for 1993. No tides have been included in this model to simplify the study of the major ocean currents.
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northward at all levels; however, the flow is more organized into currents between 20 and 50 m depth. 
Yellow Sea Model Results
Two runs of the model were performed to study the Yellow Sea Warm Current. The first run, the wind case, was completed with all the forcing described in the model section.. The second run, called the no-wind case, was completed with identical forcing, except the wind stress was set to zero after the calculation of the sensible and latent heat flux. That is, the wind stress was only used for the calculation of sensible and latent heat flux to prevent unrealistic heat exchanges, and the wind exerts no mechanical stress on the ocean in this experiment. For both runs (the winter and summer) the surface, 20 m, and 50 m currents, temperature, and salinity are discussed. February 3 and August 15, 1993, are the representative days chosen for winter and summer, respectively. The wind stress for these 2 days is typical of a frontal passage during the respective season. On February 3, the wind stress magnitude was approximately 0.02 NJm2 and is from the west over the Yellow Sea and from the north over most of the East China Sea. In August the wind stress magnitude is again approximately 0.02 NJm2, and the wind is from the north over the Yellow Sea and from the west over the East China Sea. In winter a typical day with no frontal passage has wind stress between 0.1 and 0.25 NJm2 and, if from the north, over the entire study area. In summer a typical day with no frontal passage has wind stress between 0.02 and 0.15 NJm2 and is variable in direction, but often at least half of the study area has winds from the south.
Currents: No-Wind Case
Without wind forcing the currents are, at some locations, almost an order of magnitude weaker (Plates lc and Id), this is especially true in the Yellow Sea basin. In Plates lc and Id, areas completely devoid of vectors have speeds below 0.01 m/s. In winter (Plate lc) there is a southward flow parallel to the Korean coast in the upper layers. Also, the Yellow Sea Warm Current flows into the basin at all levels.
There are many similarities between the wind and nowind cases. The Kuroshio and Tsushima Warm Current are present at all levels year round, with the Taiwan Warm Current increasing its presence in summer. Also in summer (Plate Id) there is southward moving coastal current along the Korean side of the Yellow Sea basin in the upper layers. The Yellow Sea Coastal Current joins with the Yangtze outflow, as in the wind case, and flows across the mouth of the Yellow Sea toward Korea. Lastly, the Yellow Sea Warm Current appears to penetrate the Yellow Sea basin, and it then turns and exits through the Korean Strait at all levels.
Temperature
Despite the initialization of the model by a highly smoothed, climatological representation of the warm tongue, a well-defined warm tongue develops within a week (Plate la). This warm tongue is a recognized winter feature of the Yellow Sea. Because of strong vertical mixing in the winter, the water column, in the Bohai and Yellow Sea basins, is mixed to the bottom, with temperature5 ranging from O°C in the Bohai Sea to approximately 25°C just south of Taiwan. In summer (Plate Ib) the warm tongue is not as distinct, partly because of the strong eMtward How across the mouth
Currents: Wind Case
In winter and summer (Plates la and Ib) the currents follow the basic patterns of flow as described by Yuan and Su [1984] . In winter, at the surface, flow follows the wind pattern. At 20 m (Plate la) there i5 southward flow along the Korean coast and a northward flow along the Chinese coast of the Yellow Sea. In the interior of the Yellow Sea, basin currents are predominantly was present or absent. This statement is also true for the basic positioning of the currents. Therefore it can be concluded that the local wind stress does not create the features of the Yellow and East China Seas. The boundary conditions (topography, river inHowand current, temperature, and salinity input at the open boundarieS) and the heat fluxes are the major inHuence on the generation of the currents and temperature and salinity features of the Yellow and East China Seas.
of the Yellow Sea basin due to the increased outftow of the Yangtze and partly because of the reduction of the temperature gradient between warm water advected with the wann tongue and the radiationally warmed surface wate:. The temperatures range from approximately 22°C in the Bohai Sea to approximately 30°C south of Taiwan at the surface and approximately 10°C in the central Yellow Sea to approximately 28°C south of Taiwan at 50 m depth.
The surface temperatures of the no-wind case are very similar to the temperatures of the wind case. However, in winter (Plate lc) the warm tongue does not penetrate a& far into the Yellow Sea basin in the no-wind case. The temperature range in winter is the same for the wind and no-wind cases at all levels. In summer (Plate Id) the basic temperature patterns are the same, but, at depth, the water is cooler in the no-wind case, particularly on the Korean side of the Yellow Sea basin. Temperatures range from approximately 20° C in the Bohai Sea to approximately 30°C in the entire southern portion of the East China Sea at the surface, and at 50 m depth the temperature ranges from approximately 6°C in the northern part of the Yellow Sea to approximately 26°C south of Taiwan.
Yellow Sea Warm Current Intrusion
The two most common ways of defining the Yellow Sea Warm Current are (1) by its temperature and salin. ity and (2) by its velocity. Depending on the definition, the characteristics of the intrusion may be very differ. ent. To study the maximum penetration of the Yellow Sea Warm Current, both definitions are examined. First, the water mass characteristics of Su and Weng [1994] were used, which are described in Table 1 .
In February ( Figure 4a ) the wind case penetrates to MoN, which is also the penetration suggested by Hmeh [1988] ; the no-wind case penetrates to 33°N. In August (Figure 4b ) the wind case penetrates to 32DNj the nowind case penetrates to 33°N.1n summer the wind case water mass does not penetrate into the Yellow Sea basin as far because of the greater strength of the Yangtze River outftow, which reaches to the Korean coast, blocking the entry of the Yellow Sea Warm Current. This blocking does not happen in the no-wind case because the Yangtze outflow does not re8cl1 Korea.
In the second characterization the Yellow Sea Warm Current was defined by velocities at 20 m depth with speeds less than 0.25 m/s and directions with a northward component, since most of the flow in the Yellow Sea basin is either northward or southward with very little eastward or westward flow. In February ( Figure  4c ) the flow continues into the Bohai Sea for the wind case. In the no-wind case it does not penetrate into the Bohai Sea, and the path of the flow is to the west of the path of the wind case. In August (Figure 4d ), for the wind case the flow does not continue to the Bohai Sea but, instead, is detoured to the Bay of Korea. For the no-wind case the flow has a path similar to that of the winter case, where it continues into the Bow Sea.
Hence, in winter, for the water mass definition the wind seems to force water of warmer temperature and higher salinity into the basin, and for the velocity def- 
Salinity
Like temperature, the salinity in winter (Plate 2a) is mixed to the bottom and has higher salinity along the path of the warm tongue. The salinity ranges from 29.5 ppt at the mouth of the Yellow River in the Bohai Sea to 35 ppt in the southern portion of the East China Sea. There is also a salinity minimum at the mouth of the Yangtze River. In summer (Plate 2b) the salinity anomaly from the Yangtze River extends from China to the coast of Korea. Aside from this feature, the salinity increases from north to south in the upper layers. In th~ upper layers the salinity ranges from approximately 29 ppt at the mouths of the Yellow and Liaohe Rivers in the Bohai Sea to approximately 34.5 ppt in the southern portion of the East China Sea. At 50 m depth there is no indication of the salinity minimum caused by the Yangtze outflow.
In winter (Plate 2c) the salinity of the no-wind case is very similar to the wind case, mostly because of the influence of the initializing climatology. The main difference is that, as in the temperatures, the penetration of the salinity m~'timum is Dot as deep into the Yellow Sea basin for the no-wind case. In summer (Plate 2d) the minimum due to the Yangtze outflow is still present in the upper layers but does not quite reach the Korean coast. The range for the salinities is basically the same as in the wind case, but the salinity at the mouths of the Yellow and Yangtze Rivers is approximately 26 ppt. The salinity is fairly uniform throughout the water column, at least to a depth of 50 m.
In all levels of the model the temperature and salinity follow the same basic pattern whether the wind forcing inition, the wind forces the current farther to the east. In summer, for the water mass definition, the wind prevents the water mass from entering the Yellow Sea, and for the velocity definition, the current is pushed so far to the east that it cannot continue into the Bohai Sea. This result may be explained by Ekman transport, since during this period the wind is predominantly from the 50uth; as the Bow turns right under the wind, the current is pushed to the east. When the current is pushed to the east, it is trapped in the Bay of Korea. Therefore the wind is important for positioning the Yellow Sea Warm Current, though not necessary for its presence. , 1974] . The analysis was done with daily output for the year 1993, at six points located within the Yellow Sea Warm Current and other major currents in the model domain that may ~ influencing the Yellow Sea Warm Current ( Figure 5 ). Of the points chosen, points 1 and 2 represent the Yellow Sea Warm Current. Point 1 is in the Yellow Sea Warm Current in winter when the water mass definition is used, and point 2 is approximately in the center of the area defined by the northward velocity. Points 3 and 5 are representative of the Taiwan Warm Current. Point 4 is representative of the Tsushima Warm Current in an area considered the water mass "source" for the Yellow Sea Warm Current. Point 6 is representative of the Kuroshio. . .
Rotary Spectra
One can understand the rotary spectrum by using the physical interpretation of a hodograph ellipse. The hodograph ellipse is interpreted much like the tidal ellipse, except, in this study, the angle of orientation has been neglected. In the rotary spectrum the sense of rotation, at a given frequency, i.e., clockwise or counterclockwise, is the direction time proceeds around the ellipse [O'Brien and Pillsbury, 1974] .
The rotary spectra of the daily NOGAPS wind stress for 1993 indicate there are two regional atmospheric circulation patterns, one over the Yellow Sea and another over the East China Sea. Over the Yellow Sea, which is represented by point 2 (Figure 6a) .. tion has more energy at the low frequencies, particularly on the biannual and seasonal timescales, than the counterclockwise rotation. Therefore, at these frequencies, the winds rotate in the clockwise direction. Over the East China Sea, which is represented by point 6 (Figure 6b) , the counterclockwise rotation has more energy on the biannual and seasonal timescales. At the higher frequencies both regions appear to have slightly more energy in the clockwise rotation. Also, over the Yellow Sea there are peaks at approximately 11 and 6 days, which is typical of midlatitude wind spectra.
At point 1 (Figure 7a ) the clockwise rotation of the current in both the wind and no-wind cases has the greatest amount of energy at low frequencies, particularly on biannual and seasonal timescales. At point 2 ( Figure 7b ) the wind case has more energy in both rotations than the no-~d case at low frequencies, and the clockwise rotation dominates for both cases. At point 3 (Figure 7 c) the wind case has much more energy than the no-wind case on biannual and seasonal timescales, with the clockwise rotation dominating the wind case and the counterclockwise rotation dominating the nowind case. At point 4 ( Figure 7d ) the low frequencies have higher energy in the counterclockwise rotations for both the wind and no-wind cases. At point 5 ( Figure  7e ) the counterclockwise rotation of the wind case has more energy on biannual and seasonal timescales, but the no-wind case has more energy in the clockwise rotation on these timescales. At point 6 (Figure 7f ), only the counterclockwise rotation for the wind case does not have a high energy level at low frequencies, particularly seasonal, but it does have increased energy on a monthly timescale; however, the clockwise rotation dominates the wind case, and the counterclockwise rotation dominates the no-wind case.
Overall, the clockwise rotation dominates on biannual and seasonal timescales for the wind case, except for the southernmost region of the East China Sea. The clockwise rotation dominates in the Yellow Sea, and counterclockwise rotation dominates in all but the southernmost region of the East China Sea for the no-wind case, which may demonstrate the preferred rotation created by the boundary conditions. At high frequencies the no-wind case drops off to zero at all points with periods less than 50 days, since there is no periodic inftuence other than the seasonally changing conditions at the open boundaries. In the wind case, at all points but 6, there are peaks at 11 and 6 days in either the clockwise or counterclockwise rotation, showing the inftuence of frontal passages on the continental shelf.
Coherency
The coherence [Mooers, 1973] quantifies the degree to which two circulation patterns defined by the rotary spectra are alike. These comparisons are completed at the 99% significance level, which corresponds to a coherence squared of 0.319 according to Thompson [1979] . The coherence of the wind between the representative points demonstrates statistical similarities in the circulation. The coherence of the wind at point 1 with the wind at point 2 (Figure 8a ) is nearly 1, as expected; since the distance between the points is small compared to the scales of the atmospheric circulation, the wind should be virtually identical. The coherence between the wind at points 1 and 2 and the wind at the points in the East China Sea yield very similar results; thus the discussion will only include the interconnection of the winds in the East Chin~ Sea with the wind at point 2. The coherence between the wind at points 2 and 3 (Figure 8b) shows that there is high coherence at periods longer than 50 days. At higher frequencies (in the weather band) the coherence is also significant. Therefore, between the area of the Yellow Sea Warm Current and the Taiwan Warm Current, the wind is statistically identical, with the exception of periods between a month and 15 days in the clockwise rotation and at some high frequencies in the counterclockwise rotation. The coherence between the wind at points 2 and 4 (Figure 8c ) is significant for periods greater than 5 days. The coherence between the wind points 2 and 5 and 2 and 6 is almost identical. The coherence between the wind at points 2 and 6 (Fi~e 8d) is significant for periods longer than 50 days. Therefore the winds over the Yellow Sea and the East China Sea are statistically similar at frequencies lower than 50 days. For all presented station pairs the coherence also has peaks around 11 and 6 days, showing that the frontal passages affect the entire region.
Comparing coherence between the wind case currents at point 1 or point 2 and the wind at all the other points reveals two patterns. For point 1 (Figure 9a ) there is a high coherence at low frequencies, a broad peak of coherence at midfrequencies (periods 15 to 50 days), and a dominating clockwise rotation at high frequencies. Therefore, at point 1, the wind case current and the wind are statistically similar for seasonal timescales or longer; for periods of 15 to 50 days, especially in the counterclockwise sense; and for high frequencies, especially in the clockwise sense. At point 2 ( Figure  9b ) there is little coherence, except at high frequencies. Therefore the wind influences point I, i.e., the Yellow Sea Warm Current as defined by winter water mass properties at all frequencies, but the Yellow Sea Warm Current defined by point 2, i.e., the northward velocity definition, is only affected by the wind on short timescales, corresponding to frontal passages.
Comparing coherence between the currents in the wind case and no-wind case indicates the influence of the wind on current dynamics at low frequencies, i.e., periods longer than 50 days. This comparison is made at low frequencies only, because the energy decrease toward zero near the 50-day period in the no-wind case creates inaccuracies in the coherence at higher frequen- ..
,.
---Counter-Clockwl~e Rotation (Wmd) des. In thiS section, "dynamics" refers to boundary forcing, river inflow, and sensible and latent heat flux, but not to wind, unless specifically noted. Also, recall that points 1 and 2 represent different aspects of the Yellow Sea Warm Current; therefore it should not be surprising that the two areas are coherent to the other currents in different ways. The no-wind case is coherent between points 1 and 2, but the wind case is coherent only in the counterclockwise rotation at low frequencies (Figure lOa) . This result implies that, on long timescales in the no-wind case, points 1 and 2 are influenced by dynamics; however, when wind forcing is introduced to the system, these two areas become dynamically different. In the wind case there is also coherence at 11 and 6 days, showing that the frontal passages affect both points. Between points I and 3 (Figure lOb) there is coherence in the wind case while the no-wind case is basically incoherent at low frequencies. Therefore the wind forcing creates a similarity in the periodicity of the Bow of the Yellow Sea Warm Current (as defined by point 1) and the Tai~ Warm Current on long timescales. However, when comparing points 2 and 3 ( Figure IDe) , there is little coherence in either the wind or the nowind case at low frequencies, showing that there is little similarity in the periodicity of the Bow of the Yellow Sea Warm Current (as defined by point 2) and the Tai and no-wind cases are coherent at low frequencies while points 2 and 5 are incoherent. Therefore the Yellow Sea Warm Current at point 1 experiences dynamical forcing similar to the Taiwan Warm Current. In addition, the wind infiuences both currents. The Yellow Sea Warm Current at point 2 does not experience the same forcing as the Taiwan Warm Current. The comparisons between points 1 and 6 and 2 and 6 indicate incoherence, 80 an analysis cannot be made beyond surmL~g that the dynamics of the Yellow Sea Warm Current do not follow the fluctuations of the Kuroshio. Thus the dynamics of the Yellow Sea Warm Current at points 1 and 2 are different. Point 1 is predominantly wind driven, and its v8.riability ~ to be mmilar to another wind-driven current, i.e., the Taiwan Warm Current. Also, the variability at point 1 is similar to that of the Tsushima Warm Current, which is dynamically driven. Point 2 is mostly dynamically driven, and is wind driven and the Taiwan WanD Current appears to be wind driven also, and point 2 is influenced by dynamics other than the wind and its variability.
Between points 1 and 4 ( Figure IOc) there is coherence in the no-wind case but basically no coherence in the wind case on long timescales. Therefore the wind is not the most important dynamic factor influencing the similarities in the variability of the How of the Yellow Sea W8I"m Current and the TSllAhimJl. Warm Current. Between points 2 and 4 ( Figure 10£ ) there is coherence at semiannual timescales in both the wind case and the no-wind case, yet the coherence in the wind case falls off quickly with increasing frequency, leaving only coherence in the no-wind case. This result shows that the Yellow Sea Warm Current at points 1 and 2 appears to be periodically inftuenced by the non-wind-driven Tsushima Warm Current.
Between points 1 and 5 (Figure 10d ) both the wind its variability is similar to that of one other dynamically driven current, i.e., the Tsushima Warm Current;
inflowing Taiwan Warm Current and the Kuroshio as well as the boundary conditions imposed at the Korea Strait, plus the river inflows. Hence the wind can act on the Yellow Sea Warm Current as a steering force, and it can also cause a pulse-like flow of the current. From the rotary spectra and the coherence functions the dynamics force the observed current rotation over the Yellow Sea, but the wind induces the observed current rotation over the majority of the East China Sea, creating a wind-influenced current, the Taiwan Warm Current.
The variability of this current is similar to that of the Yellow Sea Warm Current as defined by water mass characteristics. The Yellow Sea Warm Current as defined by northward flow is predominantly dynamically driven.
Part of the difficulty with studying the Yellow Sea region is terminology. One such problem arises when discussing the Yellow Sea Warm Current. Is the author describing a northward moving current alone, or is he referring to the water mass definition? As shown in this study, the northward moving current appears even when
Conclusions
The POM version of the Yellow Sea Model implemented at Naval Research Laboratory (NRL) realistically represents the major currents in the Yellow Sea and the surrounding regions. The NO GAPS wind stress used to force the model is a significant contribution to making the model simulations realistic. The NOGAPS atmospheric fields are good representations of the seasonal wind patterns, i.e., from the north in winter and from the south in summer. Since NOGAPS includes data in its daily analysis, it provides synoptic scale variability to the wind patterns. NO GAPS products should therefore provide a more realistic estimate of the atmosphere than the seasonal climatological winds that have been used previously to study the region.
The Yellow Sea simulation is heavily influenced by the open boundary conditions of the model, i.e., the there is no-wind forcing, but the water mass's movement does not appear without wind forcing. Therefore it is' proposed that the current that has a northward velocity component and travels along the central part of the Yellow Sea basin be called the Yellow Sea Warm Current, and the water mass usually associated with this current that follows the water mass definition given in section 3 of this paper be called the Yellow Sea Warm Intrusion. This analysis was completed at 20 m depth; however, the surface current may not follow the same behavior. To address this issue, a Hoffmuller diagram was generated for the wind case across 33.875°E at the surface (Plate 3). This analysis indicates that there is a current year round, but it is disrupted by the wind pulses from the north that occur approximately once a week during the winter. Therefore the northward moving current description of the Yellow Sea Warm Current is valid at the surface, too. I . ,
